In order to reduce the machining distortion in the milling process of aeronautical thin-walled component, firstly the theory model of milling force calculation was analyzed and the three dimensional milling force was simulated. The law of machining distortion for thin-walled component was researched deeply based on finite element method. Also the important milling parameter and geometric parameter were specially analyzed.
Introduction
The thin-walled parts are widely used in aerospace industry, because of its light weight and overall superior performance characteristics. However, due to its poor rigidity, deformation will easily be caused during the machining process and it is often difficult to ensure the machining accuracy. In the process of machining thinwalled parts, flutter problem seriously affect the quality of the workpiece. In order to solve the problem of machining deformation of thin-walled parts, scholars have done extensive research on Mechanical model of milling [1, 2] , error compensation [3] and so on. The above researches are mainly focused on the plate structure, and have a certain distance from the practical application.
Jer-Shyong Tsai, Chung-Li Liao [4, 5, 6] and Zhang Lili made a numerical simulation study for some factors affecting machining deformation, such as residual stress. At present, high speed machining technology has been widely used in the aviation field. How to select the reasonable machining parameters to control the machining deformation and ensure the machining efficiency for Aeronautical Thinwalled workpiece becomes the focus of people's attention. In practice, people often through the qualitative analysis and the experience of the operator to choose, there is certain blindness requires a lot of testing and time investment, parts processing. The finally, quality cannot be guaranteed.
First of all, we discuss the milling machining mechanics model, and the 3D milling force is simulated. On this basis, the finite element method is used to study the typical thin-walled connection characteristics of aeronautical aluminium alloy thinwalled structure and studied the machining deformation law of the process. The single factor analysis of the machining parameters and the geometric parameters of thin-walled are analysed. Finally, the corresponding deformation control scheme is proposed.
Milling Force Model and Simulation

Computational Model of Milling Force
In the machining of thin-walled parts, the cutting force has a significant effect on the deformation due to the low stiffness of the workpiece. Therefore, study of the milling force model is very important. The cutting area is divided into many micro elements, spatial distribution of milling force can be obtained by calculating the force condition of each unit in the cutting area, and then total cutting force [7] is obtained by adding all the forces in the cutting area. The tangential, radial and axial cutting forces on the element are similar, the formula is as follows:
Where dFt, j, dFr, j, dFa, j represent respectively tangential force, radial cutting force and axial cutting force; dz is the unit axial width;
is cutting thickness.Ktc, Krc, Kac can be determined by experiment, Neglecting the influence of the cutting force coefficient.
Infinitesimal force is decomposed into feed direction (X), normal (Y) and axial (Z):
The micro force in processing section along the spiral groove is integrate, obtained total cutting force:
Add the all cutting force of spiral groove at contact angle, and then the instantaneous cutting force acting on the cutter can be obtained.
Milling Force Identification of Aluminium Alloy
The cutting force coefficient of aluminum alloy 7075 was obtained according to the average cutting force experiment, type of machine tool: Mikron ucp710, cutter is carbide end mill. The results are shown in Table 2 . In order to facilitate the-subsequent finite element calculation, the milling force simulation program is programmed by APDL technique in the finite element software ANSYS, three direction transient force is calculated. Fig. 1 is a simulation schematic diagram about the three direction transient milling force under the condition of cutting conditions. It is assumed in this paper that the influence of tool and workpiece deformation on the chip thickness and stress is not considered. In other words, milling force modeling is rigid force. In order to consider the feedback effect of the workpiece or tool deformation on the milling force, it is necessary to consider the influence of cutting thickness on the cutting force and deformation. Until the two numerical value of the milling force is convergent to a certain extent [8, 9] . In this paper, we focus on the macroscopic deformation of Thin-Walled Components by the rigid force model.
Tab. 1: Tool parameters
Parameters value
Analysis of Thin-Walled Components Milling Deformation
Load Distribution of Thin-Walled Components Milling
When the thin wall frame of thin-walled components is processed by Helical End Mills, because the tool speed is far greater than the feed speed, so we can assume that in a feeding position, the tool axis is fixed, and the cutter tooth by moving up until the cut out of the workpiece, ultimately the formation of the surface [10] axis has been processed, as shown in Fig. 2 . As can be seen from Fig. 2 (a), the dynamic load along the helix direction is applied to the frame wall along the spiral direction at a certain instant. The variation of chip thickness with different position of cutter teeth during milling. In the actual milling process, the chip thickness varies with the position of the cutter tooth. Because of tool cutting edge inclination angle, intersection of the cutting edge and the machined surface of the workpiece is in a certain angle, as a result, machining process simulation is very difficult. For the sake of this simulation, milling process is simplified. As we can see in Fig. 2 (b) , the continuous contact between the tool and the machined surface is discretized and the size of the cutting edge angle is controlled by the size of the grid unit [11] .
When milling thin-wall parts, cutting depth is very short, so we can assume that the load is linear. Distributed load approximation to grid nodes during Loading on the finite element model. Because the cutting force perpendicular to the thin wall has the greatest influence on the deformation of the thin wall, we only consider the cutting force perpendicular to the thin-wall. Tools and tooling can be regarded as rigid body, no deformation. The deformation of workpiece is pure elastic deformation.
Establishment of Finite Element Model
The shape of the workpiece in the process is changing, complex and irregular. Generally, analytical algorithm cannot be used to calculate the force deformation. The cutting force of thin-wall is very concentrated in the cutting area. According to Saint Venant principle, we can conclude that the deformation of thin-walled workpiece is mainly related to the local shape of cutting position.
Because of the diversity of the structure and shape of the parts, the local shape of different cutting parts has different characteristics; therefore, it is not suitable to replace all local shapes with regular shapes. Appropriated method is to approximate the different local shapes using different regular shape. The thin-walled structure of these rules is called the basic thin wall element [12] . The connection between the thin-wall element and the other parts of the workpiece plays an important role in the stress and deformation of the thin-walled part, which is also an important factor affected the deformation. When the local thin wall element is used instead of the whole workpiece to analyze the deformation, the connection between thin-walled elements and other parts of the workpiece is reduced to the corresponding deformation boundary condition. For example, the edges connected with other parts are regarded as fixed constraints, and the unconnected edges are called free edges. The vertices of the two adjacent free edges intersect as the free corner points. The common types of connections on thin walls are shown in Fig. 3 . Selecting one of the side walls of aerospace structure to research. The pedestal is equivalent to clamping and locating in the machine table. The finite element model is shown in Fig. 4 . Based on the milling force calculation program, the average milling force can be applied as the load condition. 
Calculation Results Analysis
When we the cutting force is calculated, the continuous cutting process is divided into several cutting positions, each cutting position is a working condition of the workpiece. In order to simplify the analysis process, the milling load of each cutting position can be simplified to a concentrated load located on tool and workpiece contact line along the axial direction [9] . Accordingly, the dynamic milling force of the contact region will be applied to the contact line MN as a moving load. For the first cutting position, Load applied at the midpoint of line AB, see Fig. 5 , and so on, to point N. ANSYS technology based on APDL technology to achieve dynamic load cycle. The effect of inertial force and damping force is very small, so we can ignore their influence, doing quasistatic analysis. The milling process simulation analysis is carried out for different constraint modes in Fig. 3 . In the three cases, the deformation of the upper part of the thin-wall is inclined; deformation nephogram is shown in Fig. 6 . Compare with X normal deformation, Y direction and Z direction deformation is very small as shown in Fig. 7 , thus, Y direction and Z direction deformation can be neglect in the course of the study. For workpiece structure, thickness direction has great deformation because it is much smaller than the other two dimensions. For the same cutting load, the constraint method (a) is better, so the deformation is small. According to the deformation trend, middle deformation is large and deformation at both ends is small along the feeding direction at each feed position of the cutter, this is mainly due to the weakest intermediate rigidity two ends of the deformation is small constrained or other parts of the check. Along the direction of the axis, rigidity of the top is weak and deformation is also weak, in a certain range, it can be similar to a straight line (see Fig. 8 ). Fig. 9 is the progress curve of a node in the middle part of plate with chip-load movement. It can be seen that the deformation is parabolic. It increases gradually, and then decreases gradually after reaching the maximum value. Analysis of the reasons we believe that because of the cutting force in the normal direction of the distribution is very concentrated, so that the effective width of the plate on the Limited. The node is away from the cutting load when the tool starts cutting, so deformation is small. In the middle of cutting, close to the node, the deformation increases. And then the cutting tool gradually cuts out the workpiece, deformation of the joint is reduced and there is the opposite trend of deformation. Finally, leading to deformation decreases.
Theoretically speaking, terminal deformation is larger than the front the reason is that the whole thin-wall has been completed cutting when cutting to the end, stiffness than the cutting head to be small. But in the calculation process, the influence of wall thickness variation on the stiffness is ignored, so the difference between the two ends cannot be simulated. In general, the last part of the cutting tool is located at the lower end of the plate, and the axial depth is smaller than the height of the plate. This effect is weakened, and the simulation results are acceptable.
Single Factor Analysis
Effect of Axial Cutting Depth
For the thin-walled parts, the radial cutting depth is smaller at the finishing stage. In order to improve the machining efficiency, large axial cutting depth can be selected. However, increasing axial cutting depth not only the cutting force increases, but also the role of the distribution of high position, which is more likely to lead to deformation of thin-walled workpiece. The single factor analysis of axial cutting depth, main research work is upper workpiece, we only considering the deformation of the middle region processing; cutting load as uniformly distributed is applied along the axial depth of cut. Selecting milling parameters, radial cutting depth is 2 mm, speed is 14000 r/min, feedrate is 0.1 mm/z, wall thickness is 4mm.Axial depth of cut were selected by 4 mm, 8 mm, 12 mm, 16 mm. The results are shown in the As can be seen from Table 4 , maximum deformation value does not increase monotonically, but it has a maximum value with the increase of cutting depth. When machining thin-walled parts, larger axial depth of cut should be selected within a certain range, which will improve cutting efficiency and machining deformation will not increase significantly. This is consistent with experimental results of reference [13] .
Influence of Wall Thickness
According to theory of plates and shells, bending stiffness of thin-walled plate can be obtained by following formula:
In this formula, E is the elastic modulus, t is the thickness, μ is Poisson's ratio. Bending stiffness is proportional to the cube of thickness. For thin-walled parts machining deformation, deformation is greatly affected by its thickness. Select thickness values t=2 mm, 3 mm, 4 mm, 5 mm for calculation, the fitting curve is as follows: ɷ=-0.0265+0.03385 *t-1.4552 *t 2 +2.1474 *t 3 .
Influence of Thin Wall Height
In addition, geometric height of thin-walled parts is also an important factor affecting the machining deformation. Fix one side, three edges free. Actually, load only in a limited area, thin-walled parts are reduced to cantilever beams. Under the action of uniform load, the deflection formula is given by: Thus, we can conclude that height has a great influence on the deformation, it is very easy to produce deformation when machining the deep cavity structure.
Mathematical Model between Milling Parameters and Machining Deformation
In order to establish the relationship between milling parameters and machining deformation by finite element simulation, the regression orthogonal method is used to design the combined sequence of milling parameters. Based on the dynamic simulation software developed by the research group, the milling force is calculated, as the load boundary condition of the finite element calculation, the maximum deformation value of the thin-walled parts corresponding to each parameter is obtained.
Finally, the mathematical model is established by regression orthogonal method. Combination of certain cutting parameters, it can be assumed that the machining deformation and n, ap, ae, fz, thickness of the thin-wall conform to the polynomial model. Through the optimization of the regression equation, the polynomial model is determined as follows: 
Conclusion
In this paper, we can draw a conclusion that the deformation distribution law of aluminium alloy thin-walled parts is a parabola shape with large deformation and small deformation at both ends. With the increase of axial cutting depth, the deformation value has a maximum value. Therefore, when machining thin-walled parts, the larger axial depth is selected in a certain range, which will improve the cutting efficiency and processing deformation has not significantly increased. In addition, the deformation of thin-walled workpiece is greatly affected by its thickness. Due to the high value of deformation also has a great impact. So there is easy to produce deformation in the machining processing of thin-walled deep cavity structure.
